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SOV/141-58-4-6/26 
AUTHORS : -Basov, N.G,.. and Orayevskiy, A.N. 


TITLE: The Possibilities of Making a Sealed Maser Using 
ND3, NHgD and NHD2 Molecules (0 vozmozhnosti 
sozdaniya otpayannogo molekulyarnogo generatora 8 
ispol'zovaniyem molekul NDz, NHoD i NHD2) 


PERIODICAL: Izvestiya vysshikh uchebnykh zgavedeniy, Radicfizika, 
1958, Nr +t, PP 63-68 (USSR) 


ABSTRACT: The possibility is considered of preparing molecules 
in active state in three energy levels (Fig 1) by 

using auxiliary radiation. The energies of the three 
levels are given in Eq (1). The theory and design are 
given of an oscillator using deuterated ammonia. 
Under conditions of thermodynamic equilibrium, the 
number of molecules Nz in level three is greater than 
the number of molecules in N2 and Nj in levels two and 
one, since in this case the number of molecules in a 
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level is determined by the Boltzmann factor. An 
auxiliary radiation whose frequency is given by 
Eq (2) excites the molecules from level three into 
level one creating a surplus of molecules in level one 
compared with those in level two (see Fig la) or in 
level two compared with level three (see Fig 1b). These 
respective transitions 1-2 and 2-3 are used to excite a 
resonator whose freque n by Eq (3) for the 
case in Fig la or Eq ( ; Fig 1b. The 
greatest number of active mo 
conditions of saturation and t 
given for the two cases by Eq (5)- 
illuminated by monochromatic radiation the saturation 
conditions must satisfy Eq (6). The minisum width of 
the spectral line from the maser is gi 
Doppler width of the line in the bas 
the gas pressure is too high the lin 
and if the pressure is too low then the number of 

Card 2/5 active molecules falls off. The optimum pressure is 
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If a monochromatic auxiliary 
radiation is used however, considerable line broadening 
occurs; this may be avoided by using as auxiliary 
radiation a group of frequencies whose spacing is of the 
order of the basic Doppler width, in this case the 
saturation condition is given by Eq (8). Line broadening 
still occurs but it is now significantly less. The 
energy stored in the resonator is given by Eq (9) and, 
depending on the quality factor of the resonator, the 
auxiliary power required is given by Eq (10). This 
last amount is considerably less than that required when 
using monochromatic illumination. The best type of 
resonator to use is a cylindrical one supporting a 
mode Eggi. The conditions for self-excitation of a 
maser depend neither on the type of oscillations 
supported nor on the pressure and can be written as 
Eq (11). The rotational transition for ND3 has a 

Card 3/5 frequency of 3x10 c/s and higher. The frequency 


given by Eq (7). 
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increases with the quantum number J. Power is very 
difficult to obtain at these frequencies and in 
practice low quantum numbers..are therefore to be 
preferred, It is therefore proposed to use as the 
low-frequency transition WZ- ot and for the 
fundamental transition 1y - lj. The leading 
particulars of the oscillator are calculated to be as 


follows: fundamental frequency; 1598 x 10 Mc/s} 


auxiliary frequency, 6.2 x 10 c/s; Doppler width of 
the line at fundamental frequency 2.2 x 103 c/s3 
Doppler width at the auxiliary frequency 8.5 x 105 o/s} 
resonator quality necessary to maintain oscillations 
3x 103; auxiliary power kh x 107) watts; number of 
active molecules 6 x 1015 molecules per second; 

power output 10710 watts. It is reckoned that under 
practical conditions the stabiljty of oscillation would 
be approximately one part in 10°. The fundamental 
difficulty in making an ND3 maser is the difficulty of 
obtaining sufficient power at a wavelength of 0.5 mm. 
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parameters of masers U 
There are 2 figures and 
7 of which are Soviet. 


ASSOCIATION: Fizicheskiy institut imeni P.N.Lebedeva AN SSSR 
(Physics Institute imeni P.N.Lebedev,AS USSR) 
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During the past 5 years, 
plifying electromagnetic 
on the induced radiations of excited molecules. 

were suggested and developed independently in the 
Lebedev of 
Prokherov, 48 well as in the 


the possibility of nega 
range in a gas discharge> 
in the generation process of 
the energy that is connected with the inner 
motion of atoms or molecules. 
and amplifiers are subject to the application of 
the laws of quantum mech 
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pp 24-32 (USSR) 


new methods of generation and am- 
waves have appeared that are based 
These methods 
Physical 
the AS USSR - Moscow, by 
Columbia 


In 1940, V-A- Fabrikant pointed out 


tive absorption in the optical wave 


In new devices the principal role 
electromagnetic oscillations 


Thus, the so-called molecular 


anics and not to those of the clas- 
In many works devoted to the ampli- 
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fication and generation of centimeter waves, the phenomenon 
of the paramagnetic resonance discovered by the Soviet scien- 
tistYe.K. Zavoyskiy was used. Soviet research, similar to 
relevant steps in other countries, is centered on the mole- 
cular generator operating on an ammonia beam, which may serve 
as the standard source of highly stable oscillations. This 
has already become evident after only 2 to 3 years of rele- 
vant research. For a small period of time a relative stabili- 
ty of 10-12 has been obtained, but an absolute stability of 
1077 can be considered as a standard performance. of a tlole-}> 
cular generator. This makes it useful in the Wield of radio- 
navigation, radar, and radiogeodesy, and in the production 
of highly accurate. watches. The theory of a different speed 
of time depending on the distance from the earth's surface 
could be proved by comparing the operation of molecular 
generators located in artificial earth satellites and on the 
earti 's surface.The frequency difference (time speed) per 
1 km of vertical distance from th earth's surface would be 
a fraquency of 10-23, Molecular ampliziers will be of use 
in the solution of merely scientific and also practical pro- 
blems, such as a deeper penetration of the universe by means 
Card 2/3 of observation, observation of the weak radiation of various 
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atoms and free radicals in the universe. 
‘There are ll] diagrams, 1 figure, 1 photo and 3 Soviet re- 
ferences, 
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“~.BASOV, N.G.;MORIN, I.D.; PETROV, A.P.; PROKHOROV, A.N.; SHTRANIEH, I.V, 


Molecular clock. Izv.vys.ucheb.zav.; radiofiz. 1 no.3:50-53 ' 58. 
‘(MIRA 1221) 


1. Msicheskiy institut idmeni P.N, Lebedava AN SSSR, 
(Time measurements) (Molecules--Vibration) 
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TITLE: The Condition of Self-excitation of a Molecular Free-space 
Oscillator (Ob uslovii Samovozbuzhdeniya molekulyarnogo 
Generatora bez ob"yemnogo rezonatora)(Letter to the Editor) 


? 
PERTODICAL: |? 46,8, YmecaKte? ektronika, 1958, Yol.III, No.2 


| pp. 297 - 298’ (USSR}. 
ABSTRACT: The problem is analysed as follows: it is shown that a 
spherical sample, having Ny active molecules per unit volume 


and having a radius R » radiates a power W which can be 
expressed by ea 633" On the other hand, the power can also be 


expressed by Eq.(2) and the condition of oscillation by Eq.(3). 
Since the probability of the enissionadfa quantum w is given 
by are , the amplitude of the oscillations can be expressed 
by Eq.(5 from which it follows that the condition of the 
self-excitation is Given by Eq.(6). The following notation is 
used in the above equations: Onn is the natural frequency 


of a molecule, is the Planck constant, E the amplitude 
of the field, c¢ is the velocity of light, a, is a matrix 


element of the dipole moment and ~% is the relaxation time of 


the molecules. There are 8 references, 3 of which are Russian, 
eGretisn and 1 French. 
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AUTHOR: Basov, N.G. and Petrov, AP. 109-3-2-25/26 


TITIE: The Relative Frequency Stability of Molecular Oscillators 
(Ob otnositel'noy stabil'nosti chastoty molekulyarnykh 
generatorov) 


PERIODICAL: Radiotekhnika i Blektronika, 1958, Vol.III, No.2, 
pp. 298-299 (USSR). 


ABSTRACT; The problem was investigated experimentally by means 
of the equipment shown in the figure on p.299. The results 
are shown graphically in Fig.2 for two different oscillators; 
the staircase-like curve in the figure shows the frequency 
deviation in c/s as a function of time in minutes. From this, 
it is seen that over a period of 16 minutes, the differance 
frequency did not vary more than + 0.4 c/s. The relative 
frequency stability of Phe oscillators over the above period 
was of the order of 10°-~. 

There 2 figures and 1 Russian reference. 


ASSOCIATION: Institute of Physics im. P.N. Lebedev AS. USSR .. 
(Fizicheskiy institut im. P.N. Lebedeva AN SSSR) 
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' AUTHORS: Barchukov, A.I. and BgAovenUr Since Sov/51—-4-4-18/24 
TITLE: Measurements of the Frequencies and Intensities of the 
Hyperfine Structure Lines of CH,I (Transition J = 0-31) 


(Izmereniye chastot i intensivnostey liniy sverkhtonkoy 
struktury CHT (perekhod J = 0-1) ) 


PERIODICAL: Optika i Spektroskopiya, 1958, Vol IV, Nr 4, 
p 532 (USSR). 


ABSTRACT: Complete translation. Bothfitequencies and absolute | 
intensities of the hyperfine etructure lines of the a aml 


molecule were measured. The results of measurements are given 


in the table: 
Transition ___Frequency in Mc/s Ss Intensity 
FoF! Measured Calculated 


5/2 3/2 15275.87+0.05 15275.82 
5/2 5/2 14695.22+0.05  § 14695.22 
5/2 9/2 15100. 74+0.05 15100. 70 
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Calculation of the frequencies was carried out with inclusion 
of corrections of the second approximation of the perturbation - 
theory, using a value for the rotational constant 

B = 7501.29 Mc/s and the quadrupole coupling constant 

eQq = -1934 Mc/s. The values of these constants agree with the 
constants given in Refs 1-3. The absolute intensities of lines 
were measured by the method described in Ref 4. The measured 
relative intensities agree within 15% with the calculated values 
based on spin equal to 5/2. There are 1 table and 4 references, 


1 of which is Soviet and 3 in English. 
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Optila 1 Spektroskopiya, 1958, Vol IV, Hr 6, pp 198-197 (UssR) 


re Pag nen hagas a In this way an emission line 
& +) may be obtained. Experimental observati, 
ed “ae made in a Spectroscope with a cavity resonator pes well ae Pr 
oo o8cope with a waveguide absorption cell. The second method ay 
© convenient when the form of the spectral line is Studied, but it 
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80V/51 -4-~6-1 24 
Emission Line of the Transition F » §/2-93/2, Jel, ks pe the atisias 
Spectrum of tne CH31 127 Molecule . 


tuned to the frequency of We = 292.45 Mc/s. the Coaxial resonator 
W5 insulated from the externa) Fesonator and served a8 the electrodg 
for Stark Modu lation. In this way the absorption line Vig was 

observed on a control O8cilloscope (10 in Fig 2). the intonsity of the 
emission line reached a of the order of 10~8eq~1 a+ 

(3-5) x 10 Ee Power of the auxiliary radiation was of the order 

of Sevoral my, the results Obtained show that the 5pectroscope used 
makes it Possible to make about 100 times more Sensitive measurements 


. Monochromatic auxiliary radiation or Spatial Soparation of the Nola, 
The authors thank 4.y, Dudenkova , Yu. Pp. Zakterov and G. Mishukov for 
~ help in this Work. there Sre 2 figures ang 4 Teferences, 3 of which ie 
Card 3/3 8re American ang 1 Soviet. 
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AUTHORS: Basov, N.G., and Orayevskiy, A.N. 
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‘ TITLE; Quantum Radio Engineering (Kvantovaya radiotekhnika) 


PERIODICAL: Izvestiya vysshikh uchebdnykh zavedeniy - radiotekh- 
nika, 1959, Vol 2, Nr 1, pp 3~17 (USSR) 


ABSTRACT: The authors present a brief review of paper on quan- 
tum radio pnysics and quantum radio engineering, 
stating that about 200 scientific papers were pub- 
lished on this They emphasize es- 
peciall 

The quan- 
plifying radio waves 
ependently by the Fizicheskiy in- 

stitut imeni P.N, Lebedeva AN SSSR (Institute of 
Physics imeni P.N. Letedev,AS UssR) by N.G. Bagov’ 
and A.M. Prokhorov and also by the Columbia Univer- 
sity by Gordon, Zeiger and Townes, This review does. 
not contain all Possible applications of the new 
method of senerating and amplifying radio waves, 

Card 1/3 For a more detailed consideration of the problema 
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mentioned in this article, the euthors refer the 
reader toa 54 references. Only 21 references are 
Russian origin, whereby 10 of the latter were pub- 
lished by N.G. Basov and coworkers nd two by A. 
M. Prohorov. In their review, the cuthors consider 
the physical principles of molecular radio wave 
generation and amplification, mentioning the ex- 
periment of Stern and Gerlach (shtern, Gerlakh). 
Presently, two different molecular generator de- 
signs have been developed, one by the Columbia 
University and one by PIAN, both using a bean of 


ammonia mn) molecules. In the FIAN method, a 
I 


special dinphragm is used, cooled by liquid nitro- 
gen, whereby the electrodes of the quadrupole capa-~ 
citor are not cooled. Then.the authors review the 
development of solid-state maser amplifiers. Fin- 
ally, the authors consider some possible applica- 
tions of molecular systems, which have not been 
realized as yet. They mention the generation and 
amplification of millimeter and sub-millimeter 
waves, whereby the design of cavity resonators 
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PERIODICAL: Radiotekhni 
: ka i el 
Pp 1180 ~ 1184 (USSR) nee 1959, Vol 4, Nr 7, 
ABSTRACT; 


+1/2 
numbers of ions, 


AS a result of 
re~ 
This can be’ 
The energy produced 


Cardl/p 


APPROVED FOR RELEASE: 06/06/2000 CIA-RDP86-00513R000203910013-2" 


: SOV/109-4-7~12/2 
Conversion of Mechanical Energy Into the Vee Pierdy re ee UHF: Motor 


comparison with to (where t, is the time taken by 


the molecule to change its state), the upper level will 
contain more ions than the lower one. The deviation of the 
ion distribution from the equilibrium distribution will 
decrease in time, in accordance with: 


a W(t) -wW 
eis a ge * pe pean 
= w(t) - Ww Zeal (2) 


Pp 
% 
Where W is given by the next equation, Ni is the number 
of ions at the level. having a spin i. 
Integration of Eq (2) results in Eq (3), where AN aH 


is the equilibrium value of AN in the field H ; AN, 


is the devition of AN at the time = From Eq (3), 
if follows that the system can be used to construct a 
Card2/g Molecular oscillator or amplifier (the author and 
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, A.M. Prokhorov - Ref 4). The following amplifier is 
Suggested. A paramagnetic Sample having a disc shape 
rotates between the poles of two magnets whose fields 

are opposite to each other (Figure 3). The 

thermal contact with a thermostat having a 

T and the times during which the volume 
element dV of the sample finds itself in the fields Hy 


and H, are %, and % » respectively. The deviations 


in the number of ions per unit volume of the Sample can 
be determined from Eq (3); the deviations are therefore 
expressed by Eqs (4), where Tv, is the time of the 


spin-lattice relaxation. If t1< TY and T., <r 


the ion deviations can be approximately expressed by Eqs (8) 
The situation is illustrated in Fi cure 4. The work done 
when the element of the sample is taken from the field Hy 


into the field Hy is given by Eq (9), where ® denotes 
Card3/§ the Bohr magneton, The energy which can be radiated by the 
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he system of Figure 3 is irreversible. 


an Hi oh 
a’source of ‘m chem ame direction, 


For this cas y 
(14). e, the mechanical energy c 
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" AUTHORS: Basov, N.G. and Orayevskiy© “{399-4-7-13/25 
TITLE: bsolute Stability of a Maser Oscillator Employing a 
Beam of Ammonia Molecules 


PERIODICAL: Radiot ekhnika i elektronika, 1959, Vol 4, Nr 7s 
Pp 1185 . 1195 (USSR) 
ABSTRACT: Maser oscillators have been described 
In parti 


the sys 
f ammonia, J 


In the following, 

in a maser oscillat 

Coupled resonators; : 

J. Bonanomi et al, This method is more 
advantageous than t ) ne Since it does not 
require any Special f the frequency during 
the operation of the oscillator, The frequency of the 
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oscillations in a maser oscillator is given by: 


2 t 
4 ) 0 - a 


tt 
1) a 
. ®, ° ° 


Where e* and e" are the real and the imaginary parts 


of the complex permittivity of the molecular beam, 
respectively; Q is the quality factor of the resonator, 
5 is a ulti frequency of the resonator and 

2 
ots wo (1 a"). Eq (1) can also be written as 
Eq (2), where <t) is the average transit time of the 
molecules in the resonator, while y is given by the 


formula following Eq (2). Further, Eq (1) can be written 
as Eq (3), where A, , and Q, are defined by the 


last equations on p 1187. The functions (y) and F(@) 
are dofined by the equations on p 1188. The components 
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Absolute Stability of a Maser Oscillator Employing a Beam of Ammonia 
Molecules 


of the permittivity are expressed by Eqs (4). Eq (1) 
can therefore be written as Eq (6) where A is given 
by Eq (7). The oscillation frequency is therefore given 
by Eq (8), where “1m is the frequency of the molecular 


transition. The formulae can be used to evaluate the 
frequency devision A asa function of the voltage « 

of the grouping system and the saturation parameter a. The 
results are plotted in Figure 1. It is seen that for the 
voltage change from 5 to 35 kV, the oscillation frequency 
changes by about 70 o-p.s. When the.oscillator consists. 

of 2 coupled resonators, its frequency deviation, with 
respect to the frequency of the molecular transition, 

is expressed by Eq (20). This can be rewritten and is 

then in the form of Eq (24), where f2,, a, and Qs 


are the roots of Eq (23). If the two resonators are 
tuned so that the three roots coincide with w with 
an error of a few percent of 1/Q , it is possible to 
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Secure an absolute stability of the oscillator of the 
erder of 10711 , ADE: Phe. 337“; deatgn- 2" details of a two- 
resonator oscillator are indicated in Figure 3, There 
are 3 figures, 2 tables and 19 references, of which 8 are 
English, 2 German and 9 Soviet. 


ASSOCIATION: Fizicheskiy institut im. P.N. Lebedeva AN SSSR 
(Physics Institute imeni P.N. Lebedev of the Ac.&c., 
USSR) 


SUBMITTED: February 18, 1958 
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AUTHORS: Basov, Ne Gey Vul, Be Mey Popov, Yu. Me SOV /56=37-2-54/56 


TITLE: Quantum-mochanical Semiconductor Generators and -Amplifiers of 
: Electromagnetic Oscillations 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1959, 
Vol 37, Nr 2(8), pp 587-588 (USSR) 


ABSTRACT: In the present "Letter to the Editor" the authors discuss the 
possibility of using the electron transitions between the 
conductivity zone (valence zone) and donor (acceptor) impurity 
levels of a semiconductor for the production of electromagnetic 
radiation (like in a molecular generator). For the realization of 
semiconductor generators and -amplifiers it is necessary to 
provide for such a distribution of electrons (holes) in the 
conductivity zone (valence zone) that the effective tenperature 
of the conductivity electrons (holes) is negative with respect to 
the ionized donors (acceptors). Such a semiconductor has negative 
frequency losses in the case of transitions of electrons (holes) 
from the conductivity (valence) zone to impurity levels. If such 
@ semiconductor is irradiated with electromagnetic waves, the 

Cara 1/3 latter may be amplified; if certain conditions (self-excitation) 
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are satisfied, such a devi 
attain negative te 


vels. If the numbe small 
compared to the number of atoms in the crystal lattice, the 
life time of the conductivity electrons (holes of the valence 
zone) T, 1s large compared to the time T, between the 


collisions of electrons (holes) zith the lattioa. TG may be 
regulated by the impurity concentration. During the period T, 


the system may be used 88 a generator or ag amplifier of 
electromagnetic oscillations. A reduction of the surface 
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reflection coefficient or of the dimensions of the sa: 
convert the system from the functio 
amplifier. The Present paper was re 


° 
of. Ministers |, 
There are 3 Soviet references, 


ASSOCIATION; Pizichaskiy institut im. P. N. Lebdedeva Akademii nauk 
(Physics Institute iment p, N. Lebedev of the Academy of 
Sciences) 


SUBMITTED: May 18, 1959 
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AUTHORS: apatots He, Dootor of Physical and Mathematical Sciences, 
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okhorev, AM, Doctor of Physical and Mathemation) Scienoss — 
e w. 
TITLE: Quantum Radio-physics - duthors! Lecture 
PERIODICAL: Vestnik Akademii nauk SSSR, 1960, No. 4, Pp. 110-119 


TEXT: The practical application of quantun Tadio-physios for the generation 
and amplification of electromechanical Waves was worked out at the Fizicheskiy 
institut im. P.H, Lebedeva Akademii nauk SSSR (Physics Institute imeni 
P.H. Lebedev of y_of Soienoes of the an 


evels is deg wi 
magnetic felafents system is able energy quanta. Three 
Processes deve oping here, vig. resonanoe absorption, induced emission, and 
spontaneous radiation, are mentioned, in which cage equilibrium is established 
between the molecules and the quanta of the field. The scheme of a moleouls 
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AUTHORS: BAS Sy eles 924 Karlov, N,V. 


TITLE: Brief Communication on a Wideband Radiometer with 
uantum ectrum Converter ~ 


PERIODICAL: Radiotekhnika i elektronika, 1960, vol 5, Nr &, 
pp 676-677 (USSR) 


ABSTRACT: The use of a molecular system with three discrete 

‘ energy levels is Proposed for converting a wideband 
radiation to monochromatic oscillation. This system 
may be used to receive signals at higher frequencies 
than the auxiliary oscillation, A.Ye.Salomonovich 
participated in discussion of the work, There are 
2 figures, 


(Physics Institute imeni P.N. Lebedev S_ USSR) 


ASSOCIATION: Fizicheskiy institut. im. P.N.Lebeveva AN SSSR va 
SUBMITTED: December 23, 1958 
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AUTHORS: B 
TITLE: 


PERIODICAL: Zhurnal eksperimental! 
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asov, N. G., Krokhin, 0. N., Popov, Yu. M. 
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Semiconductor Amplifier’ ana Generators 
a Negative Effective Mass 


Whose Carriers Have 


noy i teoreticheskoy fiziki, 1960, 


Vol. 38, No. 3, pp. 1001-1002 


TEXTs Kroemar (Ref, 
negative effective mass i 
generation of electromagne 


such states it ig advisable to 


sent "Letter to the Editor" the auth 
to produce states with negative 1 
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tic waves? since negative losses wil) thus 
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Photons of an energy dw = eo- ey» wis the probability of Spontaneous emis~ 


sion). To obtain amplification, it was necessary that df(c)/Je > 0, at 
least at some points of the range En eye This is nowhere the case if 


thermodynamic equilibrium ia to be- 

(Refs. 2-5) have shown that it is i 

equilibrium so strongly that Of(e)/ 

by Kroemer. Also if in the case of ; 

of the mass tensor quesi-pulse, 


df/de > O cannot be attained if E = const. This is due to the fact that 
in the case of semiconductors the interaction constant for acoustical 
and optical phonons is of the same order of magnitude. For a system of 
semiconductors with negative. losses it ig therefore necessary to obtain 
states with negative temperatures if at/de > 0. There are 6 references, 
3 of which are Soviet. 


ASSOCIATION: Fizicheskiy institut im, P. WH. Lebedeva Akademii nauk SssR 
Physics Institute imeni P. N. Lebedey of the Academy of 
Sciences, USSR 
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249-7709 (1093/1193 |5EF ) BOOG/HOTT : 
AUTHORS: Basov, Ni. G., Krokhin, 0. N., Popov, Yu. M. 
TITLE; The Possibility of an Application of Indirect Transitions 


to Produce Negative Temperature in Semiconductors. 


PERIODICAL: Zhurnal eksperinental 'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 5(11), pp. 1486 - 1487 


TEXT: In some semiconductors, especially in germanium and silioon, the 
infrared emission: and absorption edges correspond to the indirect tran- 
sitiong, that is during emission and absorption of a Photon emission or 
absorption of a Phonon takes place simultaneously. The long wave emission 


necessary for absorption are missing in the lattice, the emission with 
the longest wave will not be absorbed and here the sample will be prac- 
tically transparent. If the carrier concentration is increased with 
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Temperature in Semiconductors. 


respect to the equilibria 
(exposure, @lectric 73 

err/T) where W. 
and W, is the photon T the temperature of the 
sample and qT, fr the effecti:s temperature where the levels of the con- 


duction band with respect to those of the For 
germanium would ho £°25 and thus 7 | / ul- 


ce or an external e 
1 Soviet, 8 US, 1 Czechoslovakian. 


ASSOCIATION: Fizicheskiy institut im. P. N. Lebedeva Akademii nauk SSSR 
a Institute imeni P. ON. Lebedev, Academy of Sciences 
USSR 

SUBMITTED: October 3, 1960 
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AUTHORS: = _Basov,MRNG., Krokhin, 0. N. 


TITLE: -. Conditions for Electron Excitation of Negative Temperature 
States in a Gas Mixture 


PERIODICAL: Zhurnal eksperimental'noy i teoreticheskoy fiziki, 1960, 
Vol. 39, No. 6(12), pp. 1777-1780 


of the conditions, under whioh negative 
as disoharge of a binary’ gas mixture, in 
Experimental and theoretical 
I. I. Sobel'man, 4. 
Fabelinskiy are 
inary gas 
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T,)1,- If the lifetime of 


lisions of second kind betw 
atoms would be &iven by Ny 


an excited state were only dependent on ool- 


een electrons and atoms, the number of excited 
=H ,exp(-£,/cz,), where €; is the excitation 


energy; K, is the number of atons in the ground state; and T, is the 


electron temperature, On account of the cony 
into kinetic energy and d 


smaller. Thig fact is conside 
levels ef ae 


be assumed that the interacti 
character, Consequently, the 
considerable. 


on cross section for the atoms has & resonance 
excitation transfer between atoms @ and big 
Such an interaction between sf and eb 


{ °8n lead to a 
leveling of temperature, If, for example, 7& 


! 
will be excited with a temperature . an and a negative temperature ig 


and a level ey ene whose temperature 


is first greater than r, ef 


likely to occur between the level ey 
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wane (e;/ep) tt. Several relations are derived for some details of th 
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conditions. There are 4 figure and 6 references: 4 Soviet and 2 US 
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AUTHORS: Basov, N. G., Krokhin, 0. N., and Popov, Yu. M, 
se 


t 
TITLE: Generation, Intensification, sia Devectian of Infrared H 
and Optical Radiation al Means of Quantur' Systems 


PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol. 72, No. 2, 
pp. 161 - 209 


TEXT: The present paper gives comprehensive survey cf the theory, 
the possibilities cf application. and the properties of molecular 
generators and intensifiers. In the introduction the authors discuss 
the sources of electromagnetic radiation which they divide into three 
groups (thermal scurce, luminescence source, and generators) and 
which differ above all by the width of the emission spectrum. They 
then discuss the principle of the generation and intensification of 
waves which is based on the induction of transitions in- quantum 
systems (molecules, atoms, ions, etc.). Molecular generators, and 
paramagnetic intensifiers may be used for the generation and 
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Radiation by Means of Quantum Systems 


intensification of submillimeter infrared and optical waves. To 
prod:ce such generators and intensifiers it is necessary to obtain 

a system which is not in thermodynamic equilibrium (i.e. in a state 
with negative temperature). In such a state the oocupation of the 
energy levals is bound to increase with increasing energy, and the 
system is bound to emit photons under the influence of a radiation 
impinging from outside. It may be used not only for the generation 
but also for the intensification of radiation. In spite of the 
spontaneous radiation such intensifiers are considerably sensitive 
in the infrared. It has already been suggested to use spectral lines 
of aifferent materials for producing highly sensitive radiation indi- 
cators which are free from noises of spontaneous radia-ion. One of 
the most important characteristics of such a system with negative 
temperature is the "number of active particles", i.e., the particle 
excess on the upper levels compared with the lower ones which are 
generated per unit time. Another important characteristics is the 
quantityX= 251 d’nf Aw, where |d? is thesquare of the matrix elemens 
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of the dipole moment between the levels concerned, n the number of the 
active particles, andAwithe spectral line width. The quantity K enters 
the condition of the self-excitation of the generators and determines 
the intensification coefficient of the intensifier, as is shown in 
part &. In molecular gases K is in the cm range only 1/103 of the 
value it has in crystals of paramagnetic ions. Similar conditions 
prevail also in the infrared. Hence the use of solids seems to be the 
most promising. The present paper which gives a survey of published 
data ani the results obtained in.this field is presented in the follow- 
ing way: Chapter I: methods of obtaining states in systems with 
negative temperatures. The theory of negative temperatures; sorting 

of molecules by means of an inhomogeneous electric or magnetic field 
in molecular beams; the excitation of gas molecules by means of gas 
discharge; momentum method of producing negative temperatures in semi- 
conductcras production of negative temperatures in semiconductors 
between Tevels lying within one conduction band ("amplifier with 
negative mass"); production of negative temperatures by the method 
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of double resonance. Chapter II: Interaction between rad:ation and 
systems with negative temperature; conditions of self-excitation}; 
theory and suggestions for the production of resonators and intensifiers; 
qzantum indicators of radiation. Finally, it is pointed o.t that 
qaantum systems are cf great importance in the generation and 
intensification of electromagnetic cm and dm waves, ‘especially for 
radio engineering. Increase in the frequency stability and considerable 
increase in the receiver sensitivity. With ammonia molecular generators 
already high frequency stability was attained. The noise temperature 

in this region is at about ‘O°K. Research in this field leads to a new 
branch cf physics: quantum radiophysics. V. A. Fabrikant is mentioned. 
There are 23 figures and 60 references: 33 Soviet, 34 US, 3 Japanese, 

7 Australian, 2 British, and 1 French. 
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AUTHORS: Basov, N.G., and Ziyev, V.S. 
TITLE: A Maser Using an ND3 Molecular Beam 
PERIODICAL: Pribory i tekhnika eksperimenta, 1961,No.1,pp.120-121 


TEXT: A molecular beam maser has been built and is in 
operation at the Fizicheskiy Institut AN SSSR (Physics Institute, 
AS USSR). The maser is shown in the figure and uses the 
inversion transition J = 6, K=6 at 1656.18 Mc/s (Ref.2). 

The design of the maser is similar to the NH3 maser described by 
J.P. Gordon et al. in Ref.5- A particular feature of the present 
device is that, in order to obtain a sufficient number of "active"! 
molecules, large fields have to be used for which the Stark effect 
becomes linear, since the intensity of the transition is 
considerably lower than that for NH3. In the figure 1 is the 
beam source, 2 is the Separating system and 3 is the resonator. 
The diameter of the rings in the separating system is 4 cm and the 
distance between the rings is 2 cm. Altogether 22 rings are 
employed, the total length of the system being about 50 cm. 

A narrow beam is produced with the aid of the liquid nitrogen 
Cara 14g 
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A Maser Using an ND3 Molecular Beam 


cooled diaphragms 4 and 5 . The diameter of the latter is equal 

to the diameter of the rings. The signal is detected by a 

superhet erodyne receiver; the signal-to-noise ratio was found to 
reach 100. The design of the Separating system has been discussed 
by V.A. Shcheglov in Ref .7. The cylindrical resonator TMo10 
(TMo10) has a diameter of 13.8 cm and is 40 cm long. Its 

Q factor is 20 000. Freezing out of the unnecessary gas is 
achieved with the aid of the liquid nitrogen cooled surface 6, 1 
Self-excitation was observed at 80 kV with the pressure in the bean) 
source at about 0.1 mm Hg. At 110 kV, and the same beam source 
pressure, the power was.about 10-11 yw, 

-There-are 1. figure and 7 references: 5 Soviet and 2 English. 


‘ASSOCIATION: Fizicheskiy institut AN SSSR 
(Physics Institute, AS USSR) 


SUBMITTED; February 12, 1960 
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AUTHOR: Basov, N.G., Professor, Lenin prise winner. 
eR, 


TITIE: Radiooommunication with the nearest stare is practicable 


PERIODICAL: Tekhnika molodeshi, no. 9, 1961, 5 


TEXT: The artiole deals with the generation and possible application of 
light waves for communication and computing purposes. Current uses of ; 
quanta generators and receivers are oited. Quanta generators are used in 
the manufacture of super~-precision clocks, for oheoking theoretical de- 
duotions, for guiding airorafs and ships, and for measuring large distances. 
Quanta receivers are used for inoreasing the sensitivity of receiving ap- 
Paratus and the effeotive range of radiotelescopes and radiolocators. It 
is stated that, by using masers, radio contact can be made with the stars _ 
nearest the earth. By using the radio waves of the vis-ble waveband, a 
projector 20-30 om in diameter coulda illuminate a part of the moon 1 km in 
diameter, one transmitter could simultaneously tranamit 10,000 TY programs, 
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and high-speed computers 9 Capable of performing many thousand billions of 
operations per second, oould be built. dn extremely powerful probp.oan be 
produced by the very sharp focussing of the radioradiation of quanta gen- 
erators. Charged particle accelerators thus produced oan be used for proo 
essing various materials for experimentally oheoking problema of quanta 
electrodynamios, and for studying thermonuclear processes. 
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AUTHORS s Basov, N.G., Krokhin, O.N., and Popov, YucM. 


TITLE: Generators and amplifiers of light 
PERIODICAL: Priroda, no. 12, 1961, 16-25 


TEXT: This article deals with the development of quantun radiophysics and 
the theory, development and application of generators of monochromatio, opti- 
cal and infrared radiation. In 1952, a new principle of generating and 
amplifying eleotromagnetic radiation in quanta systems, based on induced ra- 
diation, was proposed by N.G. Basov and A.M, Prokhorov. In 1954-55, the fim 
quantum generators of the electromagnetic waves of the centimeter band, 

based on induced radiation, were built. Quantum amplifiers of the centine- 
ter and deoimeter Wavebands, used for ‘increasing the sensitivity of receiv- 
ing equipment and proposed for the first time in 1956 by N. Blumbergen, are 
based on the 3-level system studied by N.G. Basov and A.M. Prokhorov. Opti- 
cal generators, based on the same principles, were proposed for the first 
time in the USSR in 1957-58 by Basov, Prokhorov, B.M. Yul and Yu.M. Popov. 

It is ao that world-wide attempts are being made to use quantum systems 
Card 1 
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for the creation and development of generators and amplifiers in the meter 
and ultraviolet wavebande and possibly aleo in shorter wavebands. The  . 
authors give a very general explanation of resonance absorption, induoed and 
spontaneous radiation, and quanta systems working with "negative tempera- 

ture". They point out the need to develop devices ensuring the possibility 
of obtaining monochromatic radiation with the aid of media of finite dimen- 
sions, suggesting in this conneotion the use of a system of parallel mirrors. 
In radiowave generators, the parallel mirrors are replaced by a resonator 
which can concentrate all radiation energy on one type of oscillation, thus 
ensuring high-directivity radiation and monochromatization. Discussing ge-- 

erators of optical and infrared radiation, the authors describe two types 
of generators,one of them using a mixture of helium (pressure 1 mm Hg) and 
neon (0.1 mm Hg) excited by low-temperature discharge and enclosed in a 
quartz envelope. In the second type, spectral radiation lines of various 
solids, mainly monocrystals excited by intensive optical radiation, are used, 
The monccrystal of a synthetic ruby has latterly been replaced by uranium and 
samarium ions in calcium fluorite. Semiconductors, used instead of lumines- 
cent orystals in optical and infrared radiation generators,;also give very 
good results: accomplishment of electrical excitation methods, high density Ba 
Card 
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of the excited centers, and the possibility of changing the generation rate 
in the magnetic field. In the high light concentrations of optical waveband 
generators, the light pressure may be up to 1 million at. and may be used 
for studying the properties of substances on strong electrical fields, ac- 
celeration of charged particles, acceleration of chemical reactions and 
exact processing of various materials. Soviet scientist V.A. Fabrikant is 
mentioned in connection with research work in this field. There are 8 fig~ 
ures and 2 Soviet-bloc references. 


ASSOCATION: Fizicheskiy institut im. P.N, Lebedeva AN SSSR(Moskva ) 
(Physics Institute im. P.N, Lebedev of the AS USSR/Moscow) 
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AUTHORS: Basov, N.G., Nikitin, V.V., and Orayevskiy, A.N. 
TITIE: 


Investigation into the dependence of the frequency of 


Malecular generators on various parameters. Part I 
(Theory, line J = 3, K = 2) 


PERIODICAL: poecgse es i elektronika, v. 6, n. 5, 1961, 
96-805 


TEXT: The work presented in this article was undertaken in order to 
explore the possibility of utilizing a molecular generator as an 
absolute frequency standard having an accuracy of about 10-10. In 
order to determine the type of construction required and its oper- 
‘ation, a detailed accountof how its frequency depends on the vari- 
ous parameters has been undertaken. Several attempts to evaluate 
the influence of various factors in the oscillation frequency have 
been made by N.G. Basov, and A.M. Prokhorov (Ref. 1: Uspekhi fiz. 
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nauk 1955, 1, 7, 485) and by K. Shimoda, 1.C. Wang and C.H. Townes 
(Ref. 2: Phys. Rev. 1956, 5, 102, 5, 1308), the dependence of the 
frequency of the molecular generator on the regonant frequency of 
the resonator being explained in Ref. 2 (Op.cit.). It was shown 
that the irregularities of beam emission along the resonator intro- 
duce frequency drifts The influence of the non-resolved components 
of the hyperfine structure was shown by K. Shimoda (Ref. 3: J. Phys. 
Soc. Japan 1957, 12, 10063; 1958, 13, 939); the dependence of the 
frequency drift of the molecular generator based on the hyperfine 
structure on the voltage of the sorter and on the beam intensity 
has been explained by N.G. Basov and A.N. Orayevskiy (Ref. 4: Radio- 
tekhnika i-elektronika, 1959, 4, 7, 1185). The results discussed 
cannot be taken, however, as final since none of the authors take 
into account the real velocity spread of molecules. First the in- 
fluence of various parameters, including the velocity spread of 
molecules has been analyzed. Starting with 
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given “in Ref. 1 (Op.cit.) for the oscillations frequency of a mole- ee 
- Cular generator where — . eae Hw ROS 
; “a yA = x + ix" : 

_is the average complex polarization of the molecular beam, w - is 

the required frequency, a, ~- the self resonant frequency of the re- 


- sonator having the quality factor Q, it is shown that this equation 
orovided x is properly evaluated, must take into account all fac- 
‘|. tors affecting the frequency and its stability. These, state the 
‘authors, are listed in Ref. 4 (Op.cit.). After several mathematical 
_ transformations Ana assumptions, the Eq. (1) for two levels ig de- 


' rived as 


ia | ee ge +4] | 


Cid fant oo ee ie: 
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- where es | 7 . ie 
24a PtSi | Blea tg | (7) 


' and b), is such that Wy = Wy + "tn 5 @, - ‘frequency of the molecular 7 2 oe 
' transition; a. ~ matrix element of the dipole moment qn = do An me oe 
- where a, - the dipole moment, A, determines d,, On quanta numbers. 


characterizing the given transition; 


oe wr 
Gn 78; r= i; 
€~ the field amplitude in the resonator; 9 - the average transient _ 
time of molecules through the resonator. as and J, are given by 
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; Pressure p igs given in relative units. Fig. 4 shows the dependence 


! 
i 
1 


Card 5/10. 5 


-2 
"APPROVED FOR RELEASE: 06/06/2000 PAP RDE SS Merrow en eres 


= : . =e wes Bwee 


iad Lr re 


2 ewe. 2 2 oe . ‘ . 
Shove 00s os /ors/o2r | 
3201/9305 ae) 


Tore a : aye 
a Jn= { F (6) (4 pa, 
Ser ee : 


7 where F(@) - time distribution of molecules in resonator. Functions _ 
an 


d A have been evaluated using an electronic computer and. are 


3, K = 3. The rest of the theoretical results are based on N.G. Ba- ° 


_ SOV, G.M. Strakhovskiy, and I.v. Cheremiskin (Ref. 5: Radiotekhnika ia 


i 
| i elektronike ‘196 » 6, 6) and given as graphs, Fig. 3 shows the ce : 
x 


pendence of frequency on the pressure p in the molecular beam sour- 7, 
ce with factor 3 ompensated for line J = 3, K = 3, N14H,. The : 
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. of frequenc on the voltage at the orter. Effect No. 3 ig compen-~ 
he 14 


' sated for t line J = 3 » Ka 3N 


4 but apparently for J = 3, K = 2 14H, LAvatractor's note: This 
would seem to be an error. The graph shows the detuning Af as 


' function of pressure p in the source7. The experimental verificati_. 


_ On of the theoretical results was Carried out on a molecular gene- 
- rator using the line of the inversion transition of ammonia N 
J = 3, K = 2 which has no quadruples of the hyperfine structure, 
Three exactly similar generators were used each having two molecu- 
’ lar beams running in opposition. The schematic diagram of the gene- 
rator is shown in Fig. 7. Inita - sources of molecular beams; 
1- quadruple condensorgs, c - resonator; d — diaphragms cooled by. 
liquid nitrogen. The resonator was made of invar, excited in Eo10 


mode, the length of the resonator was 11.2 cm which corresponded to - 


the transit width of the line of 1 Ke/s, q - 9000, timed Within a 
few megacycles. Sorting of molecules according to their energy le- 
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vels was achi 


e 
15 om. A diaphragm was used to increase the beam 
aperture of the diaphragm was 0.6 cn. Tf 


ocal oscillator of which 
ity resonator. The IF was 60 Mc/s, the pass 

At the output, the difference 
frequency of the two generat 


vors determined from a lissagian figure 
was compared with the frequency of an audio g 


turn, by using a crystal co 
quency adjusted and measured with an accuracy of 0.1 to 1 c/s. The 
ressure within the source was measured by a pSessure tube JIT~2 
(rt. ). The overall tuning accuracy of the molecular generator 
achieved by adjustments of 


re was around 3c/s, 
The experimental results are given in the form of graphs. It ig 
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stated in conclusion that @ molecula 
and opposite beams working at..a line without ah 


mn accuracy of 10-10, There are 10 
figures and 6 references: ,3 -Soviet-bloc and 3 non-Soviet-bloc. The 
references to the English-language publications read as followss 

K. Shimoda, 1.¢, Wang, C.H. Townes, Phys. Rev. 1956, 5, 102, 5, 138 
K. Shimoda, J. Phys. Soc. Ja 


pan 1957 12, 1006 1958, 13, 939; 
J.P. Gordon, Phys. Rev. 1955, 994, 1253, * 


ASSOCIATION: Fizicheskiy institut im P.N. Lebedeva AN SSSR (Insti- 
tute of Physics im. P.N, Lebedev, AS USSR) 


SUBMITTED: June 17, 1960 
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Basov, N.G., Strakhovakiy, ¢.M., Cheremiskin, I.V. 
Seer ems Ge 


A study of dependence of molecular generator frequen- 
cies on various parameters. Part II. Line J=3, K=3 


PERIODICAL: Radiotekhnika i elektronika, v. 6, no. 6, 1961, 


1020 - 1028 


_'. TEXT: Following the theoretical anal 
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Fig. 2. 
&- 2. Source of molecular beam ] and pressure Gauge tube 2 
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AUTHORS s Basov, N.G., Krokhin, 0.¥., Popov, Yu.M, 
oe OES 
TITLE: Generation of coherent light by means of solids 
3t 
PERIODICAL: Vestnik Akademii nauk SSSR,} ho, 3, 1961, 61 ~ 66 


TEXT: A short survey is given on methods of producing generators for op- 
tical ana infrared radiations, in which quantum transitions among energy 


nescent substances in infrared -and optical spectra) regions, exciting by 
strong optical radiation (7.6. Mayman, D.F, Nel "son, A.L. Shavlov, P,P, 
Sorokin, 1960). ‘The production of such sources ig Closely related to the 
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have been discovered by S.I. Vaviloy and V.L. Levshin (1928) possibly is 


used for creating new sources of light. 


bands and emission of Utt+ in caloium fluorite, 


P.P. Feofilov (student of 8,1, 


Resonators are used to 


Vavilov) together with L.N. Galkin studied (1957) in detail absorption f 


increase the interaction between radiation and substance of negative tem- 


perature (A.M, Prokhorov, 1958; A.L. 


is given on the generation of optical 
activators in corundum and calciun flu 


used was a corundum crystal (41,0 
cent by weight). 


Shavlov, 1958). Furthermore, a report 
and infrared radiation by applying 
orite, 
) with of er.o 

The wide absofption band of the transition level 


44, to 4y, Corresponds to a wavelength of “$5600 A. 


The optical radiation source 
impurities (0.05 per 


Fig. 2 shows a sche- 


matio representation of the uranium ion level in the caloiun fluorite ory~ 


stal. 


Some methods of creating negative temperatures in semiconductors 
are recommended (¥.G. Basov, B.M, Yul and Yu.M, Popov, 1958) 
rating infrared and optical radiations by semiconductors, 


for gene- 
Negative tem- 


peratures of semiconductors can be reached by intrazonal electron-holsa 
transitions, and by intrazonal transitions and transitions from the base 


region to the level of impurity atoms. So far, there exists no general 
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_ Popov, 1960). The minimum energy in the 
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& phonon is 
equals 2, 
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of a magnetic field of ™~1,5°1072 


Carriér.: mass m, gf the radiation frequency of 
Gauss. Probably it will soon 
generators of infrared and optical radiation which . 
ries, and also in various fields of science and - Sie 
There are 4 figures, 
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fen junotlens ef 2 rongly danunerata samiconductern a tata with 
a ONS tential barrier 15 completely 
heorv of 4 OUrrent pasging 
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nta at which g State with nagativea 
energy still Oacura, jg Vain where a jy the charge of the electron, 
The order of magnitude of the current density ig Iv =(ada/L)exp(elt/kr) 


where D denotes the diffuaion coaffiotent, L the diffusion length, and 
n, the Glectron density in the P-range of the Remioonductor, The current 


density decreasea with inoreasing degeneracy and also with decroasing 
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TITLE: Recombination luminescence ef indium antimonide in an 
avalanche breakdown 


PERIODICAL: Zhurnal ekaperimental 'noy i teoreticheskoy fiziki, v. 49, 
no. 6, 1961, 1882 


TEXT: When atudying the behavior of the crystalg of indium antimanide 

in strong electric fields it was founa that at a fiald strength of 

™~200 v/em the carrier concentration strongly increasan as a rasult of 
impact ionization of tha electrons of the valenoa band (avalanche 
breakdown). (uM. Glicksman, M. C, Steela. Phys.Rev... 110, 1204, 1958; 

Me. C. Stoale, y, Glisksman. 3, Phys.Chem. Solida, a. ?4?, 1959; AwCelrior, 
J-Electr. and Cestrol,, 4s 165, 1958). he authors deal with an infrared 
luminescence of tha oryatals of n-type indium antimonide with lew impurity 
concentrations on applying currant pulses of up te tod anperes/mm?, With 
such amperages the rasistance of the specimen waa reducad by more than one 
ordar of magnitude with respest to the resistanoa at low amperagen. Thig 
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TITLE; Negative Conductivity in induced transitions K 


PERIODICAL; Zhurnal ekeperimental 'noy i teoreticheskoy fiziki, v. 41, 
no. 3(9), 1961, 968-989 


In indirect transitions the carrier 
e temperature 
Comparatively gmali. 
concentration at which 
with an energy that is 
For the existence of a 
that the probability of 
transition considerably 
inverse process in order also abso 
The processes, however, that are Connected 
practically do not influence conductivity g 
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total number of free carriers, The band-to-band transitions which are in 
a state with negative temperature and which were induced by photon 
irradiation, reduce the number of free carriers and lead to a decrease in 
Conductivity. Henoe, the semiconductor which is in a state with negative 
temperature relative to the band-to-band transition is bound to have 
negative Photoconductivity when irradiated with 

almost equal to the width of the forbidden band. 


peratures also with lacking 
The authors made experiments for the 
eg with negative temperature in 
The specimen was irradiated at 49K with light of a wavelength 
smaller than 0.7 » which considerably inoreased its conductivity. Upon 
additional irradiation with weak monochromatio light a conductivity 
reduction (negative photoconductivity) was observed for a series of 
specimens in a narrow band of wavelengths near 1.1 ». It can be assumed 
that the conductivity decrease observed is due to the existence of a state 
with negative temperature. However, also other explanations, such as 
impurity photoconductivity, are possible. (Avstracter's note: Essentially 
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